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'■>  Vhf/uhf  satellite  signals  from  the  Pacific  FleetSat  have  been  monitored  in  Guam  from  April  1982 
through  1  May  1983  to  study  the  drift  characteristics  of  equatorial  scintillation.  Two  receivers  spaced  1500 
feet  (457  metres)  apart  in  an  east-west  direction  were  used.  In  addition,  one  receiver  was  used  to  monitor 
the  L-band  signals  from  the  Pacific  MariSat. 

Occurrence  and  intensity  of  equatorial  scintillation  are  compared  to  drift  velocities  and  geomagnetic 
and  solar  activity.  Drift  velocities  and  geomagnetic  activity  are  also  compared. 
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OBJECTIVE 


To  Investigate  the  drift  characteristics  of  equatorial  scintillation  of 
satellite  signals  to  Identify  the  generating  mechanism  for  the  Ionospheric 
Irregularities  which  cause  the  scintillations.  Also,  to  determine  how  the 
various  solar  and  geophysical  phenomena  contribute  to  the  occurrence  and 
Intensity  of  equatorial  scintillation. 

RESULTS 

Comparison  of  equatorial  scintillation  and  east-west  drift  during  the 
1982-83  period  Is  much  more  complicated  than  that  during  1976.  Maximum  scin¬ 
tillation  Intensity  frequently  occurred  long  after  the  maximum  drift 
velocity.  However,  the  amount  of  delay  was  quite  variable.  It  could  be  as 
little  as  10  or  15  minutes  or  as  much  as  4  or  5  hours. 

The  drift  velocity  showed  a  consistent  eastward  drift  through  most  of  the 
night.  When  scintillation  started  early  In  the  evening  the  velocity  started 
at  a  low  value  and  quickly  Increased  to  a  maximum,  then  showed  a  general 
decrease  through  the  night.  However  this  pattern  varied  some,  for  at  times 
the  velocity  would  Increase  again  later  at  night. 

On  three  or  four  nights  there  was  an  apparent  westward  drift  for  a  short 
while  right  after  sunset,  before  the  drift  to  the  east  began.  This  may  have 
been  caused  by  upward  drift,  since  the  spaced  receiver  technique  cannot  dis¬ 
tinguish  between  vertical  and  horizontal  movement. 

For  19  nights  the  drift  velocity  changed  to  a  westward  drift  at,  or  near, 
sunrise  and  continued  Into  the  daylight  hours.  Average  westward  drift  veloc¬ 
ities  for  these  days  were  compared  to  the  various  3-hour  Kp  Indices  for  the 
corresponding  days  and  the  Kp  Index  measurements  centered  around  0300  GMT  had 
a  correlation  of  +0.800.  This  was  about  16  to  18  hours  delay  between  the 
geomagnetic  activity  and  the  drift  velocity. 

Average  drift  velocities  for  the  period  1100-1400  GMT  (2100-2400  LST) 
were  also  calculated  for  38  nights  and  compared  with  the  3-hour  Kp  Indices  for 
the  corresponding  nights.  These  show  a  correlation  of  -0.729  with  Kp  measure¬ 
ments  centered  around  0600  GMT  for  a  delay  of  6  or  7  hours  between  geomagnetic 
activity  and  the  drift  velocity* 

At  times,  the  eleven-day  running  averages  of  the  scintillation  occur¬ 
rences  and  of  the  daily  average  geomagnetic  Kp  indices,  showed  dips  in  the 
scintillation  occurrence  which  corresponded  to  increases  in  geomagnetic  activ¬ 
ity.  This  was  particularly  evident  during  the  first  half  of  1979  and  on 
several  occasions  in  198U.  There  was  more  periodic  variation  in  scintilla¬ 
tion,  however,  than  accounted  for  by  the  variation  in  geomagnetic  activity. 

Correlation  between  the  unsmoothed  occurrence  of  scintillation  and  daily 
average  geomagnetic  activity  ranged  from  -U.54  through  zero  to  +0.47,  depend¬ 
ing  on  the  length  of  the  data  sample  used  and  the  time  of  year  considered. 


.  ■  «  rj  *  . 


Seasonal  variation  of  the  scintillation  occurrence  showed  the  December- 
January  minimum  observed  in  the  Pacific  region,  with  a  secondary  minimum  in 
June-July  for  the  low-elevation-angle  Indian  Ocean  satellite.  This  secondary 
minimum  starts  to  show  for  the  Pacific  Ocean  satellite  (elevation  angle  55 
degrees)  in  the  1982  data. 

A  comparison  of  the  occurrence  of  scintillation  with  solar  activity  on  a 
year-to-year  basis  using  a  common  4-month  data  sample  showed  the  same  positive 
dependence  previously  observed  with  shorter  common  11-day  data  samples. 

RECOMMENDATIONS  . 

Probably  the  greatest  limitation  of  using  the  spaced  receiver  technique 
to  study  drift  characteristics  of  scintillation  Is  the  inability  to  monitor 
drift  when  there  Is  no  scintillation  and  when  cross  correlations  are  low. 
Some  method  for  continuously  monitoring  drift  is  needed.  A  geostationary 
satellite  with  several  frequencies  from  about  40  to  1000  Wiz  might  be  useful 
for  this  purpose  If  the  lowest  frequency  was  sufficiently  affected  by  Irreg¬ 
ularities  In  the  ionosphere  when  there  was  no  scintillation  on  the  higher 
frequencies.  The  higher  frequencies  could  be  used  during  periods  of  intense 
scintillation. 

The  relationship  between  drift  and  equatorial  scintillation  should  be 
further  Investigated  during  the  next  solar  minimum  to  see  if  the  good  agree¬ 
ment  observed  In  1976  Is  again  evident.  It  Is  possible  that  the  greater 
variability  observed  In  the  1982-83  data  was  the  result  of  a  greatly  expanded 
atmosphere  caused  by  greater  solar  heating. 
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INTRODUCTION 


Equatorial  scintillation  can  have  very  disruptive  effects  on  vhf/uhf 
satellite  communications.  This  condition  has  been  recognized  since  operation 
at  equatorial  sites  began  with  TACSAT-1  In  the  early  1970s.  As  operations  of 
vhf/uhf  satellite  coonunlcatlons  networks  have  increased,  the  extent  of  the 
problem  has  become  more  widely  recognized. 

The  scintillation  of  radio  waves  from  a  satellite  Is  caused  by  Irregular¬ 
ities  In  the  electron  density  of  the  ionosphere.  These  Irregularities  usually 
occur  In  the  F-reglon  of  the  Ionosphere,  at  an  altitude  of  about  200-400  km 
(Koster,  1972).  The  electron  density  Irregularities  cause  corresponding 
Irregularities  In  the  refractive  Index  of  the  Ionosphere.  This  results  In 
variations  In  the  propagation  velocity  of  the  radio  wave  through  different 
portions  of  the  Ionosphere.  As  the  radio  waves  pass  through  the  Ionosphere 
they  are  diffracted,  or  refracted,  by  these  regions.  This  results  In  an 
Irregular  wave  front  which  emerges  from  the  Ionosphere  and  then  propagates  to 
the  ground,  where  a  standing  wave  pattern  Is  set  up.  As  the  Ionospheric 
Irregularities  drift  and  change,  the  standing  wave  pattern  moves  across  the 
ground,  causing  the  Intensity  of  a  signal  received  on  an  antenna  to 
fluctuate.  Signal  enhancements  of  up  to  10  dB  and  fades  of  more  than  30  dB 
occur  regularly  at  frequencies  around  250  MHz. 

There  have  been  many  theories  proposed  for  the  generation  of  the  Irregu¬ 
larities  In  the  electron  density  In  the  Ionosphere.  None  of  the  theories 
presented  so  far,  however,  have  been  accepted  as  explanations  of  all  the 
observed  effects. 

Farley  et  al.  (1970)  reported  results  that  ruled  out  most  theories  for 
the  generation  of  Irregularities  and  stated  that  gradients  of  density  and 
drift  velocity  remain  as  possible  causes. 

Koster  (1972)  considers  ways  In  which  ionospheric  Irregularities  could  be 
generated.  He  finds  that  the  seasonal  variation  of  equatorial  scintillation 
has  more  of  an  annual,  rather  than  a  semi-annual,  variation  with  a  pronounced 
minimum  during  the  northern  solstice  month.  This,  he  says,  is  remarkably  sim¬ 
ilar  to  the  variation  In  thermospheric  temperature  observed  by  Jacchla  (1967). 
He  suggests  that  the  velocity  of  the  neutral  atmospheric  wind  at  F-reglon 
heights  Is  a  function  of  atmospheric  temperature  and  that  the  production  of  F- 
reglon  Irregularities  Is  closely  associated  with  the  velocity  of  this  wind. 

In  1976  some  spaced- receiver  measurements  of  equatorial  scintillation 
were  made  In  Guam  (Paulson  and  Hopkins,  1977).  Examples  of  the  results  of 
these  measurements  are  shown  In  figures  1  and  2.  These  measurements  suggested 
that  the  east-west  component  of  the  scintillation  drift  velocity  might  be  used 
as  an  Indication  of  zonal  winds  at  F-reglon  heights.  Because  measurements 
were  made  for  only  two  months  and  1976  was  a  year  of  minimum  solar  activity 
the  available  data  were  quite  limited.  For  this  reason  an  additional  measure¬ 
ment  program  was  undertaken  to  more  thoroughly  evaluate  this  Idea. 

The  measurements  were  begun  In  late  April  1982  and  continued  to  1  May 
1983.  While  one  of  the  main  objectives  of  the  program  was  to  Investigate  the 
drift  characteristics  of  equatorial  scintillation,  other  aspects  of  the  scin¬ 
tillation  were  of  equal  Interest. 


DESCRIPTION  OF  THE  EXPERIMENTAL  PROGRAM 


The  measurement  equipment  was  located  at  the  Naval  Communication  Area 
Master  Station  (NAVCAMS)  In  Guam  and  was  operated  by  personnel  of  the  Satel- 
llte  Communications  Division  (Division  31).  Signals  from  the  uhf  broadcast 
channel  of  the  Pacific  Fleet  Satellite  were  received  on  two  antennas  separated 
1500  feet  (457  metres)  In  the  magnetic  east-west  direction.  These  signals 
were  brought  back  to  a  central  point  on  burled  coaxial  cable  and  their  ampli¬ 
tudes  were  recorded  on  two  channels  of  an  analog  magnetic  tape  recorder. 

Also,  at  the  center,  a  receiver  monitored  the  L-band  beacon  of  the 
Pacific  Ocean  Maritime  Satellite  and  the  amplitude  of  this  signal  was  recorded 
on  a  third  channel  of  the  tape  recorder.  An  I  RIG  B  time  code  was  recorded  on 
the  fourth  channel. 

Strip-chart  recorders  paralleled  the  L-band  channel  and  one  of  the  uhf 
channels.  These  charts  were  used  for  editing  the  tapes  and  for  getting  some 
statistical  Information  on  the  occurrence  of  scintillation. 

The  elevation  angle  to  the  uhf  satellite  was  about  55  degrees  and  that  to 
the  L-band  satellite  was  about  50  degrees. 

Starting  In  early  1978,  personnel  of  Division  34  at  NAVCAMS  have  provided 
the  Naval  Ocean  Systems  Center  with  uhf  scintillation  data.  Some  of  these 
data  were  considered  and  documented  In  1979  (Paulson,  1979),  but  more  data 
have  been  received  since  then  and  also  will  be  considered  In  this  report. 


DATA  ANALYSIS  AND  RESULTS 


DRIFT  AND  INTENSITY  CALCULATIONS 

The  analog  magnetic  tape  data  were  digitized  at  12.5  times  per  second  for 
periods  when  the  uhf  strip  charts  showed  scintillations.  The  standard  devia¬ 
tion  divided  by  the  mean  was  calculated  for  each  5-mlnute  sample  of  data  for 
both  the  uhf  and  the  L-band.  These  were  used  as  a  measure  of  the  Intensity  of 
the  scintillation  at  the  two  frequencies. 

Cross  correlations  between  the  two  uhf  channels  were  calculated  for  each 
of  the  5-mlnute  samples  to  determine  the  maximum  correlation  and  Its  corres¬ 
ponding  delay.  Figure  3  shows  some  examples  of  these  cross  correlations.  In 
general,  the  correlations  were  not  plotted,  but  the  computer  searched  for  the 
maximum  positive  correlation  and  Its  corresponding  delay.  An  east-west  drift 
velocity  component  was  calculated  for  each  of  these  5-mlnute  data  samples. 
These  drift  velocities,  along  with  the  corresponding  uhf  scintillation  Inten¬ 
sities,  are  plotted  as  a  function  of  time  for  each  night  (figure  4)  and  are 
included  In  Appendix  A*  The  same  thing  was  done  for  the  velocities  and  the  L- 
band  scintillation  intensities  and  these  are  included  in  Appendix  B.  Figure  5 
is  an  example  of  these. 

The  velocity  component  measured  Is  called  the  apparent  velocity.  If  all 
the  changes  In  signal  amplitude  were  caused  by  drift  this  would  correspond  to 
the  true  velocity.  Because  the  Irregularity  structure  changes  with  time  as  It 
drifts  the  measured  velocity  Is  somewhat  higher  than  the  drift  velocity.  This 
phenomenon  has  been  Investigated  by  several  workers.  Some  of  the  early  In¬ 
vestigators  were  Briggs  et  al.  (1950)  and  their  work  will  be  used  here.  They 
assume  that  plots  of  equal  correlation  In  the  space  and  time  domain  are  el¬ 
lipses.  They  then  develop  several  methods  for  determining  the  true  drift 
velocity.  Rather  than  reproduce  their  work,  only  the  results  of  the  method 
used  here  will  be  presented.  The  reader  Is  referred  to  the  original  for 
details. 


For  a  one-dimensional  ground,  with  distance  In  an  east-west  direction, 
two  receiver  sites  are  separated  a  distance,  X,..  If  the  time  delay  for  maxi¬ 
mum  correlation  Is  the  apparent  drift  velocity  is 

V*  *  ^1°.  (1) 

o 

The  characteristic  velocity  Is  given  as 


V.  .  Vs-,  (2) 

c  t  +  T£ 

and  the  true  vel8c1ty°1s 
X. 

V  «  -2— 1 %  ,  (3) 

t  +  o 

where  t.  Is  the  time  delay  on  the  auto  correlation  at  which  the  correlation 
equals  tne  maximum  cross  correlation. 


These  equations  were  used  to  calculate  the  true  east-west  component  of 
drift  velocity  for  17  nights  and  then  compare  that  component  to  the  apparent 
velocity.  Figure  6  shows  plots  for  2  nights  where  the  true  velocity  Is  shown 
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on  the  vertical  axis  and  the  apparent  velocity  Is  on  the  horizontal  axis.  For 
most  of  the  points  plotted  the  two  velocities  do  not  differ  by  much.  Figure  7 
shows  the  velocity  difference  as  a  percent  of  the  true  velocity  plotted  as  a 
function  of  the  maximum  cross  correlation  value.  From  this  we  see  the  two 
velocities  do  not  usually  differ  greatly  for  correlation  values  as  low  as 
about  0.7 

Most  of  the  time  the  cross  correlations  values  were  on  the  order  of  0.7 
or  better,  but  at  times,  usually  soon  after  scintillation  started,  the  corre¬ 
lations  would  get  so  low  that  no  maximum  could  be  determined.  This  occurred 
In  1976  as  well,  even  for  receiver  separations  as  little  as  300  metres. 
Although  the  correlations  became  very  low,  the  drift  velocity  apparently  did 
not  change  greatly.  The  correlations  for  spaced  receivers  at  L-band,  as  seen 
In  figure  8,  remained  high  and  the  time  delay  did  not  change  much,  even  though 
the  uhf  cross  correlation  had  no  definite  maximum. 

Because  the  maximum  correlations  and  time  delays  could  not  be  determined 
for  these  periods  of  low  correlation,  true  drift  velocities  were  not  routinely 
calculated.  A  much  closer  receiver  separation  would  probably  be  needed  to 
make  this  possible. 

SCINTILLATION  INTENSITY  VERSUS  DRIFT  VELOCITY 

Comparisons  of  equatorial  scintillation  with  drift  velocity  for  the  1976 
data  were  quite  good  (figures  1  and  2).  Cross  correlations  between  drift 
velocity  and  equatorial  scintillation  were  0.7  and  0.9,  respectively,  for 
these  two  cases  with  the  scintillation  lagging  behind  the  drift  velocity  by  a 
few  minutes. 

Comparisons  of  scintillation  Intensity  with  drift  velocity  for  the  pre¬ 
sent  data  are  not  as  simple  as  the  limited  results  for  1976  would  suggest. 

On  nights  when  scintillation  started  in  the  early  evening,  the  eastward  com¬ 
ponent  of  the  drift  velocity  started  low  and  rapidly  Increased  to  a  maximum. 
Then  the  eastward  component  usually  would  show  a  general  decrease  through  the 
night,  with  some  variations  superimposed  on  the  decrease.  During  nights  when 
scintillation  occurred  for  extended  periods  of  time,  the  Intensity  also  tended 
to  decrease  through  the  night. 

The  uhf  scintillation  Intensity  frequently  reached  a  limiting  condition. 
Examples  of  this  can  be  seen  In  figure  4.  When  this  occurs  the  L-band  may  be 
a  more  accurate  measure  of  scintillation  Intensity. 

When  there  Is  no  scintillation  and  when  cross  correlations  are  low,  the 
Inability  to  measure  drift  velocity  limits  the  ability  to  compare  scintilla¬ 
tion  Intensity  and  drift  velocity.  When  scintillation  starts  early,  so  that 
velocities  can  be  measured  from  Initial  low  values,  the  scintillation  Inten¬ 
sity  curve  can  lag  the  velocity  curve  by  as  little  as  10  minutes  up  to  4  or  5 
hours,  as  shown  by  figure  5  for  L-band. 

Cross  correlations  betw  tn  drift  velocity  and  scintillation  Intensity 
were  calculated  for  <»*ny  the  nights  when  the  scintillation  lasted  long 
enough  (table  1).  In  "'>st  cases,  however,  the  delay  for  maximum  correlations 
was  too  large  a  percentage  of  the  data  sample  for  the  correlations  to  be 
trusted. 
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Table  1.  Correlation  between  drift  velocity  and  scintillation 
intensity.  Velocity  leads  scintillation  intensity. 


Because  the  uhf  scintillation  often  reached  a  limiting  condition,  it 
reduced  the  maximum  correlation.  This  was  not  a  problem  with  the  L-band 
scintillation.  The  L-band  signal,  however,  suffered  from  access  modulation. 
Every  time  someone  accessed  another  channel  the  amplitude  of  the  beacon  signal 
would  step  down  a  little.  When  two  or  three  channels  were  accessed  at  the 
same  time  these  steps  could  be  as  much  as  one  or  two  dB.  Access  modulation 
had  little  effect  when  the  L-band  scintillation  was  strong,  but  was  quite 
limiting  for  the  weak  scintillation. 

L-BAND  SCINTILLATION  VERSUS  UHF  SCINTILLATION 

No  fade-by-fade  correlation  would  be  expected  between  the  uhf  and  the  L- 
band  scintillation  because  of  the  great  difference  between  the  two  frequen¬ 
cies.  But,  even  more  Important  Is  the  fact  that  the  two  frequencies  were 
being  transmitted  from  different  satellites,  with  the  L-band  satellite  being 
about  4.5  degrees  to  the  east  of  the  uhf  satellite. 

Cross  correlations  were  calculated  between  the  scintillation  intensity  of 
the  uhf  and  the  L-band  using  the  values  of  standard  deviation  divided  by  the 
mean  for  each  of  the  5-mlnute  samples.  This  was  done  for  many  of  the  nights 
when  the  duration  of  the  scintillation  was  reasonably  long.  The  results  are 
shown  In  table  2,  where  the  positive  delay  times  are  consistent  with  a  west- 
to-east  drift.  The  delay  times  are  only  approximate,  since  the  sample  Inter¬ 
val  was  5  minutes.  Also,  because  the  total  sample  was  on  the  order  of  hours, 
the  delay  time  Is  the  result  of  the  average  drift  velocity. 


DAY 
j  m  i  ah 

froh 

out 

TO 

cut 

UHF 

CORK 

US  L-IAND 
DELAY! HI N.  ) 

113 

10145 

16140 

0.75 

4 

114 

10105 

16150 

0.76 

4 

116 

mis 

14120 

0.85 

7 

117 

11*15 

14140 

0.77 

8 

124 

10  <30 

15130 

0.62 

5 

125 

9>  10 

12130 

0.82 

8 

126 

11100 

17100 

0.66 

10 

127 

11<00 

16100 

0.65 

7 

128 

U<00 

18i00 

0.74 

6 

131 

10<80 

17100 

0.72 

5 

133 

12  >55 

16 1 10 

0.61 

15 

140 

9<30 

15130 

0.60 

10 

142 

12:00 

I8t00 

0.62 

15 

145 

11:30 

17130 

0.73 

8 

146 

8:30 

15:30 

0.82 

10 

155 

10:00 

16100 

0.61 

10 

157 

12145 

18100 

0.61 

18 

169 

11100 

17100 

0.64 

8 

170 

10U5 

18115 

0.78 

10 

172 

11:00 

17100 

0.65 

10 

173 

10:30 

18:30 

0.61 

12 

183 

12116 

17130 

0.66 

10 

239 

10U0 

15:10 

0.73 

4 

240 

10:00 

16145 

0.60 

8 

243 

11145 

18:45 

0.74 

4 

244 

09:30 

14:30 

0.65 

4 

245 

10105 

18:00 

0.71 

8 

246 

09140 

17:00 

0.71 

3 

262 

09:30 

15:45 

0.66 

5 

265 

19100 

24:00 

0.80 

-7 

267 

12:50 

16:00 

0.68 

4 

263 

09:00 

1500 

0.62 

4 

270 

09:30 

15i30 

0.77 

5 

271 

09150 

18:00 

0.60 

4 

273 

09<1S 

16)15 

0.62 

4 

Table  2.  Correlation  between  uhf  and  L-band  scintillation 
intensities.  For  positive  delays  uhf  leads  L-band. 

DRIFT  VERSUS  GEOMAGNETIC  ACTIVITY 

The  drift  velocity  calculations  were  averaged  from  2100  to  2400  LST  for 
each  night  that  scintillation  activity  occurred  continuously.  These  average 
velocities  were  then  correlated  with  each  of  the  eight  geomagnetic  Indices  for 
the  corresponding  night.  These  correlations  are  shown  in  figure  9  as  a  func¬ 
tion  of  the  geomagnetic  index  measurement  time.  Here  we  see  that  the  maximum 
negative  correlation  occurred  between  the  second  and  third  Index 
measurement.  This  correlation  was  -0.729.  A  total  of  38  nights  was  used. 
These  data  are  plotted  In  figure  10,  along  with  a  least  square  fit  to  a 
straight  line. 

These  data  would  suggest  that,  if  there  is  a  cause-effect  relationship 
between  geomagnetic  activity  and  the  equatorial  drift,  that  it  Is  negative 
and,  there  Is  about  a  six  or  seven  hour  delay.  The  data  are  very  limited, 
however,  and  further  Investigation  is  needed  to  see  if  the  relationship  Is 
continuous  and  how  much  variability  there  might  be  In  the  time  delay.  A 
continuous  measurement  of  drift  velocity  would  make  this  much  easier. 

EAST-TO-WEST  DRIFT  OF  EQUATORIAL  SCINTILLATION 

Equatorial  scintillation  Is  essentially  a  nighttime  phenomenon,  with  the 
scintillation  starting  some  time  after  local  sunset.  Furthermore,  the  drift 


velocity  associated  with  the  scintillation  Is  usually  from  west  to  east.  At 
times  during  our  observations,  however,  the  scintillation  continued  past  local 
sunrise.  When  this  occurred  the  velocity  reversed  direction  and  moved  from 
east  to  west.  Day  115  In  figure  4  Is  an  example  of  this.  Here,  the  velocity 
reversed  direction  some  time  between  0600  and  0700  LST. 

Additional  days  when  scintillation  and  east-to-west  drift  occurred  are 
listed  In  table  3.  Typical  westward  velocities  ranged  from  10  to  100  or  more 
metres/second.  On  Julian  day  061  of  1983,  however,  a  westward  drift  of  200  to 
240  metres/second  was  observed  around  0545-0600  LST.  By  0630  LST  this  had 
decreased  to  below  100  metres/second.  The  previous  night,  day  060,  eastward 
velocities  of  200  to  240  metres/second  were  observed  from  about  2000  to  2230 
LST. 
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Table  3 

.  Occurrence 

of  east-to-west 

scintillation 

drift. 

First  measureable  velocity  Is  the  first  westward  drift 
for  which  the  correlation  was  good  enough  to  calculate  a 
velocity.  Westward  drift  may  have  started  earlier. 


On  nights  043,  096,  and  103  the  drift  reversed  direction  earlier  than 
usual,  around  1400  to  1500  GMT,  but  In  the  case  of  day  043  It  resumed  an  east- 
li  ward  drift  at  1550  GMT,  while  for  days  096  and  103  scintillation  ended  at  1550 

and  1615  GMT,  respectively. 
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For  Julian  days  146,  038,  070,  and  115,  westward  drift  occurred  early  In 
the  evening  near  the  onset  of  scintillation.  It  Is  difficult  to  think  of 
something  that  would  cause  westward  drift  this  early  in  the  evening.  However, 
with  an  elevation  angle  to  the  satellite  of  55  degrees  the  spaced  receiver 
technique  cannot  differentiate  between  vertical  and  horizontal  drift.  For 
this  reason  upward  drift  would  look  like  westward  drift. 

Woodman  (1970),  as  well  as  others,  has  reported  upward  ionospheric  drift 
around  local  sunset.  This  appears  to  occur  quite  regularly,  with  some  season¬ 
al  variations.  There  may  be  quite  large  night- to-night  variations,  however. 
Possibly  the  reason  that  the  spaced  receivers  do  not  observe  it  more  often  is 
that  the  scintillation  usually  does  not  start  this  early,  or  that  the  cross 
correlations  are  too  low  to  determine  a  time  delay  at  these  times. 

There  were  probably  more  nights  when  east-to-west  drift  occurred,  but 
because  of  equipment  problems  no  velocities  could  be  determined  from  Julian 
day  214  to  day  255  and  from  day  267  to  day  320. 

A  cross  correlation  between  averaged  westward  drift  velocities  from  1900 
GMT  on  and  the  summed  daily  geomagnetic  Kp  indices  gave  a  value  of  +0.780. 
These  average  drift  velocities  were  also  correlated  with  the  individual  3-hour 
Kp  indices.  A  maximum  correlation  of  +0.800  was  obtained  for  Kp  indices 
centered  around  0300  GMT.  This  is  about  16  to  18  hours  before  the  center  of 
the  drift  velocity  measurement  period.  This  positive  correlation  is  in  con¬ 
trast  with  the  -0.729  correlation  measured  for  the  pre-midnight  drift  veloci¬ 
ties.  Correlation  maxima  were  quite  broad  in  both  cases,  however,  so  the  time 
of  maximum  correlation  is  not  very  precise. 

A  plot  of  these  velocities  as  a  function  of  the  corresponding  geomagnetic 
indices  is  shown  in  figure  11. 

ALTITUDE  OF  THE  IONOSPHERIC  IRREGULARITIES 

It  should  be  possible  to  get  an  estimate  of  the  height  of  the  ionospheric 
irregularities  from  these  data  if  we  can  assume  that  the  height  of  the  irregu¬ 
larities  that  are  affecting  the  uhf  is  the  same  as  that  of  the  irregularities 
causing  the  L-band  scintillation.  While  this  may  not  seem  to  be  a  reasonable 
assumption,  it  was  shown  in  1976  that  the  drift  velocities  for  the  L-band  were 
the  same  as  those  for  the  uhf.  Figure  12  compares  the  cross  correlations  at 
uhf  and  at  L-band  for  one  5-mlnute  time  interval.  Of  course  it  would  be  much 
better  if  nearly  the  same  frequency  were  monitored  from  both  satellites. 

Data  for  several  nights  were  taken  in  2-minute  samples  and  cross  correla¬ 
tions  were  calculated  at  uhf  for  each  sample  to  determine  drift  velocities. 
Standard  deviations  divided  by  the  means  were  calculated  for  each  sample  at 
both  uhf  and  L-band  as  an  indication  of  scintillation  intensity.  Next,  a 
period  of  time  during  the  night  (usually  2  hours  or  more,  when  L-band  scintil¬ 
lation  was  significant)  was  selected  and  a  cross  correlation  between  the  uhf 
and  the  L-band  was  calculated  using  these  results.  The  time  delay  for  maximum 
correlation  was  used  along  with  the  average  drift  for  the  same  time  period  to 
determine  average  east-west  separation  of  the  propagation  paths  to  the  two 
satellites  at  the  height  of  the  ionospheric  irregularities.  This  distance  was 
used  with  figure  13,  which  is  a  graph  of  east-west  path  separation  as  a  func¬ 
tion  of  altitude,  to  determine  the  altitude  of  the  irregularities.  The 
results  are  shown  in  table  4.  These  altitudes  ranged  from  225  to  330  km. 
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Table  4.  Average  altitudes  of  ionospheric  irregularities  causing 
equatorial  scintillations  calculated  for  5  nights. 


Since  data  for  several  hours  were  used  In  each  case,  these  heights  can 
only  be  considered  as  average  heights.  It  Is  quite  possible  that  the  height 
varied  appreciably  during  the  sample  period.  Also,  because  of  the  2-mlnute 
sample  length,  time  resolution  was  limited.  This  reduced  the  accuracy  of  the 
altitude  determinations,  particularly  for  the  higher  drift  velocities. 

The  altitude  for  Julian  day  265  was  280  km,  even  though  this  was  essen¬ 
tially  daytime  scintillation.  Rastogl  and  Mullen  (1981)  have  also  reported 
daytime  scintillation.  In  their  case,  they  attribute  It  to  Intense  Sporadlc-E 
which  they  observed  on  an  Ionospheric  sounder.  Sporadlc-E  usually  occurs 
around  100  km  altitude. 


ADDITIONAL  SCINTILLATION  fCASUREMENTS 


Personnel  of  Division  34  at  the  Naval  Communications  Area  Master  Station 
In  Guam  have  been  recording  and  sending  to  the  Naval  Ocean  Systems  Center 
records  of  the  amplitude  scintillation  of  uhf  satellite  signals  since  March 
1978.  Some  of  these  data  were  discussed  In  an  earlier  report  (Paulson,  1979). 
More  data  have  been  received  since  then. 

The  earlier  data  Included  records  from  both  the  Pacific  Ocean  satellite 
at  an  elevation  angle  of  about  50  degrees,  and  the  Indian  Ocean  satellite  at 
an  elevation  angle  of  about  10  degrees.  At  the  beginning  of  1980  they  discon¬ 
tinued  monitoring  the  Pacific  Ocean  satellite. 

SEASONAL  VARIATION  OF  EQUATORIAL  SCINTILLATION 

The  strip  charts  were  read  to  determine  time  periods  when  uhf  fading,  due 
to  scintillation,  exceeded  6  dB.  These  periods  were  summed  to  give  the  total 
number  of  hours  each  night  that  scintillation  fading  exceeded  6  dB.  These 
were  then  sunmed  on  a  monthly  basis  and  the  percentage  of  time  each  month  that 
scintillation  occurred  was  determined.  In  the  case  of  missing  data,  gaps  were 
left  and  the  data  on  either  side  of  the  missing  data  were  summed  separately. 
Figure  14  shows  the  results  for  the  Indian  Ocean  satellite  and  figure  15  shows 
the  results  for  the  Pacific  Ocean. 

These  plots  show  the  minimum  occurrence  during  December  and  January  as 
reported  earlier  (Paulson,  1980).  There  Is  also  a  lesser  decrease  In  occur¬ 
rence  during  June  and  July  for  the  Indian  Ocean  satellite.  This  decrease 
starts  to  become  evident  In  the  Pacific  Ocean  satellite  data  during  1982,  as 
well. 

SCINTILLATION  VERSUS  GEOMAGNETIC  ACTIVITY 

Eleven-day  running  averages  of  the  1979  data  were  calculated  and  plotted 
(Paulson,  1980).  These  plots  showed  a  periodic  variation  In  the  occurrence, 
particularly  for  the  first  6  months  of  the  year.  An  11-day  running  average  of 
the  dally  average  of  the  geomagnetic  Kp  Index  also  shows  a  periodic  variation 
of  scintillation.  These  data  are  shown  again  In  figure  16  for  the  Indian 
Ocean  satellite  data.  The  top  graph  Is  the  occurrence  of  scintillation  and 
the  middle  and  bottom  graphs  are  the  11 -day  running  averages  of  the  dally 
average  magnetic  Kp  Indices  and  of  the  2800-MHz  solar  flux. 

We  used  the  same  procedure  for  the  Indian  Ocean  satellite  data  for  the 
years  1980  and  1982.  These  are  shown  in  figures  17  and  18.  The  1980  data 
show  sharp  decreases  In  scintillation  In  two  or  three  places  which  coincide 
with  pronounced  Increases  In  geomagnetic  activity.  However,  there  are  more 
periodic  variations  In  the  occurrence  of  scintillation  than  the  geomagnetic 
activity  can  account  for.  The  1982  data  are  even  less  clear.  In  fact,  there 
appears  to  be  a  positive  correlation  between  geomagnetic  activity  and  scintil¬ 
lation  during  the  January-February  period. 

When  the  unsmoothed  scintillation  data  and  Kp  data  are  compared  for 
various  time  periods  the  correlations  can  vary  from  positive  values  through 
zero  to  negative  values,  depending  on  the  time  of  year  and  the  length  of  the 
data  sample  used.  For  the  1979  sample  period,  Julian  days  30  to  180,  the 
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correlation  was  -0.42.  For  the  correspond ng  period  In  1980,  It  Mas  -0.34. 
For  Julian  days  335  to  365  In  1982  It  Mas  +0.47.  Correlations  for  other  time 
periods  are  shOMn  In  table  5. 
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-0.20 

0 

1989 

001 

031 

♦0.37 

0 

1989 

030 

990 

-0.47 

0 

1980 

030 

180 

-0.34 

0 

1980 

030 

330 

-0.32 

0 

1380 

180 

300 

-0.31 

0 

1980 

274 

330 

-0.43 

0 

1982 

1 

45 

♦  0.34 

0 

1982 

110 

181 

-0.32 

0 

1982 

182 

304 

-0.11 

0 

1982 

305 

305 

♦6.33 

0 

1982 
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Table  5.  Correlations  betMeen  occurrence  of  scintillation 
and  dally  average  geomagnetic  Kp  Indices  for  various  time 
periods. 
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While  a  connection  betMeen  equatorial  scintillation  and  geomagnetic 
activity  Is  generally  accepted.  It  Is  not  knoMn  just  hoM  they  are  related. 
The  relationship  appears  quite  complex,  sometimes  shoMlng  positive  and  some¬ 
times  negative  correlation  (Aarons,  1977).  Further,  some  question  arises  as 
to  Mhether  a  simple  cross  correlation  betMeen  the  two  Is  a  good  May  to  shOM  a 
relationship. 

Aarons  et  al.  (1980)  found  that  pre-midnight  scintillation  is  Inhibited 
by  geomagnetic  activity  Mhlle  post-midnight  geomagnetic  activity  Increases 
scintillation  activity,  at  least  under  moderate  solar  flux  conditions  (except 
for  Hay,  June,  and  July  In  the  0®-70°  W  sector  and  in  November,  December,  and 
January  In  the  135#-180°  E  sector).  This  Is  similar  to  observations  for  the 
drift  velocities  reported  here.  Geomagnetic  activity  appeared  to  reduce  drift 
velocities  prior  to  midnight  and  Increased  them  for  late  night  or  early  morn¬ 
ing  periods.  Perhaps  geomagnetic  activity  and  equatorial  scintillation  are 
linked  through  the  east-Mest  drift,  or  zonal  Minds. 

SCINTILLATION  VERSUS  SOLAR  ACTIVITY 


We  have  noted  that  Mhen  the  occurrence  of  equatorial  scintillation  Is 
compared  on  a  year-to-year  basis  Mlth  solar  activity  there  Is  a  direct  depen¬ 
dence  (Paulson,  1980).  The  greater  the  solar  activity  for  a  given  year  the 
greater  the  occurrence  and  Intensity  of  the  scintillation. 
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The  previous  comparison  was  done  using  a  common  11-day  sample  for  each  of 
the  years  considered.  This  short  sample  was  used  because  It  was  the  only 
period,  common  to  the  various  years,  when  data  were  available.  The  comparison 
has  been  done  again  here  for  the  Pacific  Ocean  satellite  data  from  Julian  day 
182  to  day  304  and  is  shown  in  figure  19.  This  clearly  shows  the  dependence 
of  equatorial  scintillation  on  solar  activity.  It  also  shows  that  the  occur¬ 
rence  of  scintillation  for  1982  has  decreased  from  that  observed  in  1979. 


SUMMARY 


Comparison  of  equatorial  scintillation  and  east-west  drift  during  the 
1982-83  period  Is  much  more  complicated  than  that  during  1976.  Maximum  scin¬ 
tillation  Intensity  frequently  occurred  long  after  the  maximum  drift 
velocity.  The  amount  of  deity  was  quite  variable,  however.  It  could  be  as 
little  as  10  or  15  minutes  or  as  much  as  4  or  5  hours. 

The  drift  velocity  calculations  showed  a  consistently  eastward  drift 
through  most  of  the  night.  When  scintillation  started  early  in  the  evening 
the  velocity  began  at  a  low  value  and  quickly  increased  to  a  maximum,  then 
showed  a  general  decrease  through  the  night.  There  were  some  variations  on 
this,  however.  The  rapid  increase  after  sunset  may  have  been  a  regular  occur¬ 
rence,  but  without  scintillation  it  could  not  be  measured. 

On  3  or  4  nights  there  was  an  apparent  westward  drift  for  a  short  time 
right  after  sunset  before  the  drift  to  the  east  began.  This  may  have  been 
caused  by  upward  drift,  since  the  spaced  receiver  technique  cannot  distinguish 
between  vertical  and  horizontal  movement. 

For  19  nights  the  drift  velocity  changed  to  a  westward  drift  at,  or  near, 
local  sunrise  and  scintillation  continued  Into  the  daylight  hours.  Average 
westward  drift  velocities  for  these  days  were  compared  to  the  various  3-hour 
Kp  Indices  for  the  corresponding  days  and  a  correlation  of  +0.800  was  found 
for  Kp  Index  measurements  centered  around  0300  GMT.  This  was  a  delay  between 
the  magnetic  activity  and  the  drift  velocity  of  about  16  to  18  hours. 

Average  drift  velocities  for  the  period  1100-1400  GMT  (2100-2400  LST) 
also  were  calculated  for  38  nights  and  compared  with  the  3-hour  Kp  Indices  for 
the  corresponding  nights.  These  showed  a  correlation  of  -0.729  with  Kp  mea¬ 
surements  centered  around  0600  GMT  for  a  delay  of  6  or  7  hours  between  geomag¬ 
netic  activity  and  the  drift  velocity. 

Eleven-day  running  averages  of  the  scintillation  occurrences  and  of  the 
dally  average  geomagnetic  Kp  Indices,  at  times,  showed  dips  In  the  scintilla¬ 
tion  occurrences  which  corresponded  to  Increases  In  geomagnetic  activity. 
This  was  particularly  evident  during  the  first  half  of  1979  and  on  several 
occasions  In  1980.  However,  there  was  more  periodic  variation  In  the  occur¬ 
rence  of  scintillation  than  geomagnetic  activity  could  account  for. 

Correlations  between  the  unsmoothed  occurrence  of  scintillation  and  dally 
average  geomagnetic  activity  ranged  from  -0.54  to  +0.47  depending  on  the 
length  of  the  data  sample  used  and  the  time  of  year  considered. 

Seasonal  variation  of  scintillation  occurrences  show  the  December-January 
minimum  observed  In  the  Pacific  region  with  a  secondary  minimum  In  June-Ouly 
for  the  low  elevation  angle  satellite.  This  secondary  minimum  starts  to  show 
for  the  Pacific  Ocean  satellite  (elevation  angle  55  degrees)  In  the  1982  data. 

A  comparison  of  the  occurrence  of  scintillation  with  solar  activity  on  a 
year-to-year  basis  using  common  4-month  data  samples  showed  the  same  positive 
dependence  previously  observed  with  shorter  common  11 -day  data  samples. 
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Figure  1 .  The  eastward  component  of  the  apparent  drift  velocity,  uncorrected  for  time 
decorrelation  effects,  is  shown  as  a  function  of  time  and  compared  to  the  scintillation 
activity,  where  standard  deviation  divided  by  the  mean  is  used  as  an  indication  of 
scintillation  intensity. 
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Figure  2.  The  same  as  figure  1  but  for  21  September  1976. 
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Figure  6.  Plots  of  true  velocity  as  a  function  of  apparent  velocity  for  2  nights. 
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Figure  7.  The  difference  between  true  velocity  and  apparent  velocity,  as  a  percent  of  true  velocity, 
shown  as  a  function  of  the  cross  correlation  coefficient,  for  the  2  nights  shown  in  figure  6. 
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Figure  8.  Cross  correlations  functions  for  uhf  and  L-band  for  a  1000  metre,  east-west  separation. 
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Figure  9.  Cross  correlations  between  average  eastward  drift  velocities  for  the  period  1100-1400  GMT 
(2100-2400  LST)  and  the  eight  geomagnetic  indices,  Kp,  shown  as  a  function  of  the  time  of  the  geo¬ 
magnetic  index  measurements. 
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Figure  10.  The  average  eastward  drift  velocity  for  the  period  1 100-1400  GMT  shown  as  a  function  of 
the  average  between  the  second  and  third  geomagnetic  Kp  index  measurements.  The  number  of  points 
is  38  and  the  correlation  is  -0.729. 
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Figure  1 1 .  Average  westward  drift  veloci 
between  the  first  and  second  geomagneti 
the  correlation  is  +0.800. 
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PLOTS  OF  UHF  SCINTILLATION  INTENSITIES  ALONG 
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APPENDIX  B 


PLOTS  OF  L-BAND  SCINTILLATION  INTENSITIES  ALONG 
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